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Osteoblasts and osteoclasts on the medullary bone surface in the femurs of laying hens treated with tamoxifen (an antiestrogen) were examined with an electron microscope while an egg was in the magnum or in the shell gland of the oviduct.
Most osteoblasts on the medullary bone surface of non-treated hens having an egg in the magnum were characterized by well developed cytoplasm containing a large endoplasmic reticulum and Golgi complexes. And osteoclasts which were distributed very sparsely on the bone surface did not possess ruffled borders.
After tamoxifen treatment, however, many osteoblasts had poorly developed cell organelles, but osteoclasts had well developed cytoplasm and extended ruffled borders adjacent to the bone surface.
When an egg was in the shell gland, many osteoblasts in both tamoxifen-treated and non-treated hens showed poorly developed cytoplasm, but the osteoclasts had well developed cytoplasm and ruffled borders. These results indicate that osteoblastic bone formation is suppressed and osteoclastic bone resorption is accelerated by tamoxifen treatment while an egg is in the magnum, and that effects of tamoxifen may not be detected in osteoblasts and osteoclasts while an egg is in the shell gland. Therefore, it is suggested that estrogen stimulates the bone formative functions of osteoblasts and prevents the bone resorptive functions of osteoclasts during the egg laying cycles.
Introduction
Medullary bone appears in the marrow cavity of bones of laying birds and is considered to supply calcium for egg-shell formation1). This bone is a labile tissue which varies during the egg laying cycles2-4). Namely, osteoblastic medullary bone formation accelerates when an egg is in the magnum, while osteoclastic bone resorption becomes active when an egg is calcifying in the shell gland of the oviduct. Medullary bone can be experimentally formed in adult male birds by estrogen treatment5-7), although it is a tissue peculiar to female birds. In addition, estrogen-induced medullary bone formation is suppressed and the bone matrix is reduced by treatment with tamoxifen (an antiestrogen)8). Therefore, estrogen is thought to be one of the factors regulating medullary bone formation and resorption.
The purpose of this study is to clarify the role of estrogen in osteoblasts and osteoclasts of medullary bone during the egg laying cycles, using laying hens treated with tamoxifen.
Materials and Methods
Sixteen White Leghorn hens (50 to 60 weeks of age) laying 4 or more eggs in a clutch were chosen and divided into four groups. Hens belonging to two treatment groups were orally administered 20mg of tamoxifen (Nolvadex, ICI Ltd.) while the second egg of the clutch was in the magnum (group 1) or in the shell gland (group 2) of the oviduct, i.e., 2 or 12 hours after the oviposition of first egg. About 25 hours later, the treated birds were fixed by perfusing 2% paraf ormaldehyde-2.5% glutaraldehyde mixture in 0.1M phosphate buffer (pH 7.4). Then, it was confirmed that the third egg in these birds was located in the magnum or in the shell gland of the oviduct.
Hens belonging to the other two groups were fixed without receiving tamoxifen while the third egg was in the magnum (group 3) or in the shell gland (group 4). After the perfusion, their femurs were dissected out and the middle parts of the diaphyses were split. The medullary bone fragments were excised and immersed in the fixative solution mentioned above. They were decalcified in 5% EDTA (pH 7.4), post-fixed in 1% osmium tetroxide in 0.1M cacodylate buffer (pH 7.4), dehydrated and embedded in Quetol 812. Ultrathin sections were cut on a Porter-Blum microtome and stained with uranyl acetate and lead citrate.
Observations were carried out using a JEOL 100B electron microscope.
Results
A number of cuboidal or columnar shaped osteoblasts and sparsely distributed osteoclasts were observed on the medullary bone surface of non-treated birds when an egg was in the magnum of the oviduct. The osteoblasts had round or oval shaped nuclei, and well developed cytoplasm containing a large rough-surfaced endoplasmic reticulum with flattened and dilated cisternae, Golgi complexes with few associated vesicles, and many mitochondria with abundant cristae. Cytoplasmic processes were frequently observed in the osteoid lying between the osteoblasts and the bone matrix (Fig. 1) . Occasionally, osteoblasts aggregated and covered the osteoid (Fig. 2) . The osteoclasts had a number of round or oval shaped nuclei, and abundant cytoplasm. A small rough-surfaced endoplasmic reticulum having flattened cisternae and Golgi complexes with few associated vesicles were present in the cytoplasm. There were numerous round or oval shaped mitochondria and small sized vacuoles. Many finger-like cell processes differing from ruffled borders were present along the peripheral surface of the cells (Fig. 3) . Most of the osteoblasts on the medullary bone surface of tamoxifen-treated birds were spindle or stellate in shape while an egg was in the magnum.
These cells had oval shaped nuclei and poorly developed cytoplasm, in which round or oval shaped mitochondria with abundant cristae, a small rough-surfaced endoplasmic reticulum with flattened cisternae, and Golgi complexes with lamellar cisternae were present to a Explanation of Figures   Fig.1 minor degree. Osteoid was not detected around the cells (Fig.4 ). There were very few osteoblasts with well developed cytoplasm. Sparsely distributed osteoclasts in contact with the bone surface had ruffled borders which were associated with vacuoles of various sizes in the cytoplasm (Fig.5 ). There were few finger-like cell processes on the peripheral surface of the cells. Other structures did not differ from those of non-treated birds.
Tamoxifen-treated and non-treated hens showed similar characteristics when an egg was in the shell gland. Many osteoblasts on the medullary bone surface were spindle or stellate in shape and showed poorly developed cell organelles. Osteoclasts had ruffled borders associated with vacuoles in the cytoplasm (Fig.6) .
Discussion
Recent works have demonstrated direct activation of osteoblasts by estrogen9) and presence of estrogen receptors on osteoblasts10,11), in mammals. Moreover, autoradiographic studies using male quail treated with estrogen have clarified that osteoblasts forming medullary bone derive from endosteal bone lining cells12,13). Their differentiation at the early stage of medullary bone formation is considered to be induced by estrogen14,15). In the present study, the medullary bone osteoblasts of the hen having an egg in the magnum were characterized by well developed rough-surfaced endoplasmic reticulum. After tamoxifen treatment, however, the osteoblasts had poorly developed cytoplasm.
These observations show that tamoxifen may suppress the development of rough-surfaced endoplasmic reticulum in osteoblasts.
The medullary bone osteoclasts having ruffled borders resorb the bone matrix during the egg shell formation16,17) Before the egg shell calcification begins the osteclasts have numerous interdigitated cell processes on the bone marrow side but not ruffled borders16,17). Our results conform to these findings. These facts suggest that the cell surface of medullary bone osteoclasts changes during a cycle of egg formation.
In the present ultrastructural study, the osteoclasts of non-treated hens were found to have no ruffled borders when an egg was in the magnum. However, the ruffled borders appeared after tamoxifen treatment which prevents estrogen stimulation.
These results indicate that estrogen may inhibit the appearance of ruffled borders in osteoclasts.
On the other hand, the changes in osteoclastic cell surface during the bone resorption have been considered to be induced by parathyroid hormone18,19) There is a possibility that the bone resorptive functions of the osteoclasts are accelerated by depression of estrogen level and stimulation by parathyroid hormone.
No significant differences were observed in the ultrastructures of osteoblasts and osteoclasts between tamoxifen-treated and non-treated birds when an egg was in the shell gland of the oviduct. It has been reported that plasma estrogen concentration of laying hens fluctuates during the egg laying cycles and remains at low levels when an egg is in the shell gland20,21). At this stage, estrogen level may be depressed and its influence on the osteoblasts and osteoclasts may be almost negligible. Accordingly, we presume that the functions of osteoblasts and osteoclasts are regulated by the levels of endogenous estrogen which fluctuate according to the egg laying cycles.
